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Introduction
There is now an extensive literature on the subject of the statistical (1) which, as is well known, integrates easily to give the length as
1 and a = ao exp{o:(N-No)}, for m=2,
where ao and No are the initial values.
The basis of most data analyses seems to be to take logarithms in (1) and estimate m and 0: by least squares in the equation 
In(o:) + qln(a)
(
Stochastic models
When the stochastic models are considered the probability density of the crack length is exhibited as a solution of the Fokker-Planck equation 
although as has been noted elsewhere 5 ,6 the distribution is defective because there is a finite escape time.
Data analysis for a single crack
The regression model corresponding to this normal distributions states that (7) where 'U c is normally distributed with standard deviation (q-l)(3V'N=N;. Because the variance is non-constant (7) is a non-standard model, however, on dividing by l/N=N; the model becomes
where e is normally distributed with mean zero and standard deviation (q-l)fJ independent of N. Thus if q is known the estimator of (q-l)o: is just the least squares estimator of the coefficient in equation (8) and the estimate of Given the data describing a single crack, say a sequence {(ai,Ni)}~=O' it is easy to construct a log-likelihoods using density (5) and estimate the parameters q, 0: and P by maximum likelihood. The log-likelihood is (8) conditioned on q,
and on substituting these back in the log-likelihood gives a function of q alone,
Thus the technique is to search for the value of q which maximises C* by estimating 0: and (3 as functions of q and substituting in C. In this study a simple golden-section search 9 worked very effectively.
Pooling data
When several experiments have been performed it is possible to combine the 
The global log-likelihood can be used to investigate explicit parametric models for the parameters, or simply as a way to -pool data. In the illustrative example data from 9 cracks are available, and the log-likelihood is used to obtain an estimate of a value of the Paris-Erdogan parameter, m, that is common to all the cracks, while the o:'s and (3's are supposed to reflect the experimental conditions. Estimation by maximum likelihood proceeds exactly as above, the o:'s and (3's are obtained as ordinary least squares estimators from equations like (9) and (10), one for each crack and substituted back into the log-likelihood to yield
Moreover, when the cracks are all assumed to be independent with distinct parameters the estimators from the joint log-likelihood are precisely those obtained by estimating from each separately as outlined above.
In the simplest case when a common value of m (and thus q) is used and the o:'s and (3's are assumed to absorb most of the experimental variability the joint log-likelihood reduces to, up to a constant,
which is the form used for the illustrative example.
Example
Data from nine crack growth experiments on two types of (A533B and A508) steel used in the manufacture of pressure vessels was made available to the Table 1 .
Summary of exper imental condi t ion s
All the test spec imens were subjected to a sinusoidal load. To illustrate the method of pooling the data are taken in four groups: Table 3 are plotted against the P max, on linear scales and on log-log scales, there is some indication of a linear or power relationship between a and P max-It was not possible to conclude anything about the influence of the frequency of loading nor of the influence of the presence of water.
Experimental Design
The author came to this problem as do most statisticians by being asked to analyse data which had already been collected. Clearly there are a number of factors that may affect the rate of fatigue growth in a steel, the experiments used for the example had as variables frequency, stress range, temperature, and the presence or absence of water. However, the experiments were not carried out in a way which allows the best use to be made of the data. These comments also hold for the analysis of a similar problem given by Bhuyan,
Swamidas and Vosikovskl
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, while the regression analysis gives no problems, the constants in the Paris-Erdogan equation are the responses and so a more explicit consideration of the choice of levels for the factors would have added to the confidence with which their results could be reported. and to determine the effects on them of the three factors which are varied in this set of experiments would need 30 experiments (three factors, one with two levels, one with three levels, and one with five levels) in a factorial design. The number of experiments can be significantly reduced by using orthogonal designs.
Discussion
The above description of a method of analysis and the example have been used to show how a better approach to the analysis of crack growth data can be developed. The important points are (i) the analysis proceeds directly from the data recorded without the need for intervening transformations and estimations and gives results as least as good as existing methods; (ii) it derives directly from the statistical properties of a now widely used model of crack growthj (iii) it is flexible, and given well designed experiments should be capable of demonstrating the effects of environmental or experimental conditions on the rate of crack propagation.
